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Specification 

1. Title of the Invention 

Liquid Crystal Display 



5 2. Scope of Claims for Patent 

1. A Liquid crystal display characterized in that a nonlinear element of a 
metal-insulator-metal structure is arranged in matrix, one metal of the nonlinear 
element is connected to each column wiring respectively, and the other metal is 
connected to the liquid-crystal drive electrode, wherein all of the liquid-crystal drive 

10 electrodes are connected in series per row. 

2. The liquid crystal display according to Claim 1 characterized in that 
characteristics of each nonlinear element are measured by electrically connecting the 
column wiring which is connected to one metal of the nonlinear element to an outside 
and further electrically connecting each row of the liquid-crystal drive electrode to the 

15 outside. 

3. The liquid crystal display according to Claim 1, characterized in that a metal 
connected to the liquid-crystal drive electrode is etched after measuring the 
characteristics. 

20 3, Detailed Description of the Invention 

The present invention relates to a liquid crystal display formed by arranging a 
nonlinear element in matrix, in more detail, relates to a method for measuring an electrical 
characteristic of the nonlinear element and a structure of the liquid crystal display whose 
electrical characteristic can be measured. 

25 A liquid crystal display according to the invention is a dot-matrix liquid crystal 

display with a high capacity. In the case that each dot (a pixel of the liquid crystal 
display) is an electrode at an intersecting point of a scanning line and a data line arranged 
in matrix, the dot is lighted when an effective value of a voltage at the intersecting point 
per cycle is higher than a threshold of the liquid crystal. When the effective value is 

30 lower than the threshold, the dot is not lighted. 

On the other hand, as the number of the scanning lines increases, selection time at 
the intersecting point is shortened and it is more difficult to obtain the effective value 
which is equal to or more than V Mt for lighting the liquid crystal in the case that a driving 
voltage is constant. Next, when the driving voltage is increased, the effective value at the 

35 intersecting point also increases which is not selected by contraries. A limit for 
preventing a crosstalk due to a poor characteristic of the threshold of the liquid crystal and 
obtaining a contrast of practical use is a one-sixteenth duty. 
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As a method of increasing the duty, a metal-insulator-metal element (hereinafter 
referred to as an MIM element) which is a nonlinear element is conventionally formed with 
a liquid crystal layer between a scanning line and a data line, and one metal is connected to 
the scanning line. When the MIM element has a characteristic similar to a diode 
5 characteristic, a decrease of the effective value within an unselection time can be 
compensated by storing a selected signal from the scanning line in the MIM element within 
a selection time. Obtaining hundreds duty can be easily realized though there is a slight 
difference due to an electrical transmissivity or an electrical resistivity of the liquid crystal. 
An example of a pattern of a conventional liquid crystal display is shown in FIG 1. 

10 The pattern is formed over a glass substrate. A timing line 101 in the drawing denotes 
one electrode, and an MIM element is formed by forming an oxide film between it and a 
metal thin film 102. Reference numeral 103 denotes a transparent metal to be connected 
to the metal thin film and also a liquid-crystal drive electrode for driving by applying a 
voltage to the liquid crystal. 

15 The drawing shows only a part of the pattern, and hundreds of the timing lines are 

formed in an actual pattern. Further, the number of the liquid-crystal drive electrodes 
which are connected to the timing lines is several hundred per timing line, and the number 
of pixels in the whole pattern is several tens of thousands. 

Each pixel is preferably a good-quality product; however, defects such as a 

20 disconnection of the timing line, a defect of the MIM element, and a pattern default of the 
liquid-crystal drive electrode due to various troubles in steps of manufacturing occur in 
fact. 

The disconnection of the timing line can be investigated by measuring a resistance 

of the timing line by contacting needles with both sides of the line. However, in a defect 
25 which occurs in a pixel, a presence and a spot of a defect can be detected only by checking 

an operation of the liquid crystal when the pixel is actually mounted and driven. 

On the other hand, the defect of the MIM element is, strictly speaking, a default of 

an element characteristic, however, it is finally determined whether the liquid crystal can 

be driven enough or not in the selection time of hundreds duty* Products which can 
30 maintain an effective voltage higher than V wt of the liquid crystal are good-quality 

products, and the others are defective products. 

As the above mentioned, the defect of the pixel can be detected only after 

mounting, and the mounted liquid crystal display should be broken in order to analyze the 

defect, which is very difficult. 
36 Moreover, since the defect cannot be modified, there are defects such as a yield 

reduction and an increase in cost due to a step of mounting, and thus, an improvement for 

those are desired. 
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The present invention removes the above defects and has an object of providing a 
structure of a liquid crystal display in which the electrical characteristic of the pixel of the 
liquid crystal display can be measured before mounting and a method for measuring the 
electrical characteristic. 

5 The structure of the liquid crystal display according to the present invention is 

hereinafter described. 

FIG 2 and FIG 3 show embodiments, and explanations for reference numerals 
201 to 203 and 301 to 303 in the drawings are the same as those of the conventional pattern, 
therefore, are omitted. Reference numerals 204 and 304 are thin films which connect the 
10 liquid-crystal drive electrodes per each row, and reference numeral 305 denotes a terminal 
for electrically connecting the liquid-crystal drive electrode to the outside. A portion 
marked with diagonal lines is the same thin film as the liquid-crystal drive electrode, which 
forms the electrode at the same time. 

The liquid-crystal drive electrode is formed using any one of three kinds of thin 
15 films; which are an indium-oxide thin film, a thin film formed with a gold thin film having 
a same pattern over the indium-oxide thin film, and a gold thin film. 

An equivalent circuit and a method for measuring a pixel in the structure of FIG 2 
and FIG 3 are next described. 

In FIG 4, reference numeral 401 denotes a timing line; 402, an equivalent circuit 
20 of an MIM element; 403, a liquid-crystal drive electrode line; 404 and 405, terminals for 
electrically connecting the timing line and the liquid-crystal drive line to the outside; 406, a 
shift register; 407, a transmission gate (hereinafter, referred to as an analog switch) formed 
with a MOS transistor. 

A connection between a liquid-crystal drive device and the outside shift register is 
25 performed by a diagonal connection using a probe card and a compression-bonding using 
an anisotropic conductive rubber or a heat seal. A desired analog switch is selected by the 
shift register, and a timing line and a liquid-crystal drive electrode line are selected. One 
side of the analog switches is each connected, and the side of the timing line is denoted by 
V Tl the side of the liquid-crystal drive electrode is denoted by Vo. An impedance meter 
30 and a capacitor meter are connected between V T and Vo, and a V-I characteristic and a 
capacity of an MIM element at an intersecting point of each line selected by the shift 
register are measured. 

In this case, because the intersecting point of the liquid-crystal drive electrode line 
and the timing line itself has a kind of an MIM structure, the measured data needs to be 
35 modified. As the measured V-I characteristic at the intersecting point is shown in FIG 
5(a), almost the same characteristic is shown in the case that the side of the liquid-crystal 
drive electrode line is a negative electrode and the timing side is the positive electrode. 
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FIG 5(b) shows an equivalent circuit, which is connected in parallel to an equivalent 
circuit of the MIM element. Therefore, in the V-I characteristic of the MIM element, the 
measured data is modified in consideration of a current value in the MIM structure of the 
intersecting point itself if measuring is done in the case that the liquid-crystal drive 
5 electrode line side is the positive electrode and the timing line side is the negative side. In 
the case of an opposite measurement, the modification does not be needed. A 
measurement of a capacity needs a modification regardless of a polarity. 

V»2 characteristic and the capacity data of the MIM structure at the intersecting 
point itself need to be measured in advance, and a data variation should be figured out 
10 When a pixel defect is detected by such a measurement, an address of the pixel 

can be found by counting how many shifts the shift register has made. 

After the measurement, a mask is formed by a resist over a pattern except a 
conductor which connects the liquid-crystal drive electrodes in order to mount the 
liquid-crystal drive device, which is etched to become the pattern of the conventional 
15 liquid-crystal drive device by etching. 

By the present invention, the presence of a pixel defect of a liquid-crystal drive 
display is detected before mounting, a modification and an analysis of a defect address can 
be performed, it is possible that a yield increases and an analytic result is fed back to the 
next process, and an establishment of manufacturing steps is attained. 

20 

4. Brief Description of the Drawing 

FIG 1 is a general view showing a part of a pattern which forms a conventional 
liquid-crystal drive device. 

FIG 2 and FIG 3 are general views showing a part of a pattern in Embodiment 
25 according to the present invention. 

FIG 4 is a general view showing an equivalent circuit of a MIM element and a 
peripheral circuit to be connected to an outside in Embodiment according to the present 
invention. 

FIG 5(a) shows a V-I characteristic at an intersecting point of a timing line and a 
30 liquid-crystal drive electrode line, and FIG 5(b) shows an equivalent circuit at the 
intersecting point. 

Applicant: Suwa Seikosha KK 

Agent: Patent Attorney, Tfcutomu Mogami 
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